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NATTONAL ADVISORY COGMMITTEE FOR AEBONAUTICS'

RESEARCH MEMORANDUM

for the
Bureau of Aeronautlics, Ravy Department
INVESTIGATION OF SEA-LEVEL PERFORMANCE OF I-16 .TURBOJET
ENGINE AT ZERO RAM WITH XFR-1 INTAKE DUCT
' SHROUD, AND TATT. PIPE

By Harry W. Dowman and William G. Anderson

SUMMARY

The sea-level performance of an I-16 turbojet engine at zero
ram was investigated to determine the effects of an inteke duct, a-
shroud, and a tall plpe iIntended for installation In an IFR-1 air-
plane. The investigatlion was conducted over a range of engine speeds
from 8000 to 16,500 rpm for several arrangements of the intake duct -
and tail plpes: +the TFR-1 ducht, shroud, and tail pipe wilth the
boundary-layer slot closed and open and with boundary-layer removal
by suction; the XFR-1 duct with & tail pipe from a P-59A airplane
and boundary-layer removal; and with no Intake duct or shroud with
both ths P-594 and the XFR-1 tall pipes. The data were corrected to
standard atmospheric conditlons and then adjusted to a common exhaust-
gas temperaturs.

The maximum total~-pressure loss in the Iintske duct and shroud
of 3.36 percent of the ambient predsure, occurred wlth the boundery-
layer slot open at a corrected rotor speed of 16,500 rpm. The
attendant loss in thrust was 80 pounds. The intake-duct total-
Preassure losges for the other three configurations with the duct
were between 2.684 and 2.70 percent of the amblent pressure with
accompanying thrust logses of 80 to 86 pounds at the same engine
rotor speed. The maximum thrust loss caused by the XFR-1 taill plpe,
as compared wlth the P-59A tall pipe, was 24 pounds at a corrected
rotor speed of 15,000 rpm. At maximum corrected rotor spesd
(16,500 rpm) the thrust loss caused by the XFR-1 tall pipe was
13 pounds.

-SONFIDENTIAL



a | G NACA BM No. E7G24

INTRODUCTION

At the request of the Bureau of Aeronsutice, Navy Departument,
an investligation has been conducted to determine the effects of an
intake duct, shroud, and tail pipe, intended for installation in
the XFR~1l airplane, on the sea-level perfcrmance of an I-16 turbojet
englne at zero ram over a renge of englne speeds from 8000 to
16,500 rpm. '

The performance of the englne fiited with the XFR-1 intake duct
was Investigated with the followlng arrangements of the boundary-
layer-removel slot: (1) closed, (2) open to ambient-alr conditilons
in the cell, and (3) open with the boundary layer removed by an
exhauster. The results with these configurations are compared with
the performance of the engline wilthout an intake duct. The engine
performance with the XFR-l tall pipe and with a tail plpe from the
P-59A airplene 1s slso compared. BEnglne performance characteristlcs
are adjusted to common exhaust-ges temperatures( after correction to
gtandard inlet conditiona) to provide an accurate basis of comparison.

INTAKE DUCT AND TATL PIPES

A sketch of the XFR~1 intaske duct and shroud is preasmented in
figure 1. The general deslgn of the duct was determined by the
intended installation of an I-16 turbojet engine in the rear of the
fuselage of the YPFR-1 airplane., A duct inlet is provided for
ingtallation at the leading edge of each wing to admit air to the
engine. The sharp bends necegsitated by the wldely separated inlets
are provided wilth turning vanes to reduce pressure losses. Smooth
inlet contours, such as those 1n the wilng, were provided during the
investigation by suitable inlet nozzles (fig. 1).

The construction of the jolnt betweer the duct and the shroud
wag such that an annular passage about 3/8 inch wide on a 26-inch
dlameter was provided for removal of the boundery layer in flight.
The boundary-layer slot is lllustrated 1In figure 1l where detall A
ghows the boundary-layer slot closed and detall B shows the
boundary-layer slot open. The general arrangement of the equipment
used for boundary-layer removal 1s shown 1n Ffigure 2. A Roots-type
exhaueter powered by a variable-speed electric motor was connected
to an annular chamber (detail A, fig. 2) through which the boundary
layer was removed. The mess flow of alr removed from the intake duct
by the exhauster was controlled by varylng the speed of the elesctric
motor.
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The XFR-1 and P-59A tall pipes and nozzles used 1ln this Investi-
gatlon are ghown in figure 3. The XFR-1 tall pipe is sbout twice
the length of the P-59A tall pipe. The respectlve nozzles differ
slightly in contour but have the same throat diamster.

a

APPARATUS AND PROCEDURE

Ingtallation. - The gereral arrangement of the equlpment ls
11lustrated in figure 4. A photograph of the setup is presented in
figure 5. The detzlls of the engine installation and the methods
employed to measure the important performance charscteristlcs, that
ie, thrust, air flow, fuel flow, and rotor speed, are described in
reference 1,

Instrimentation. - The gections and the stations at which the
getup was instrumented for btemperature and pressure measurements are
ghown in figure 8.

The pressures measured and the location, type, and number of
pressure-measuring lngtruments were as follows:

(1) Ambient pressure Pj, 1 open-end tubs In qulescent zone
0’
of cell '

(2) Total pressure at sectlon A of duct P,, 10 total-
pressure tubes, 5 at esach duct inlet

(3) Total pressure at section B of duct Pp, 38 total-
pressure tubes (10 rakes) .

(4) Total pressure at section C of shroud Pg, 6 totel-
pressure tubes in shroud rake

(5) Compressor-inlet total pressure Py, 36 total-pressure

tubes, 4 equally spaced groups of 3 around front inlet screen and
8 equally spaced groups of 3 around rear inlet screen

The temperatires measured and the locatlon, type, ané number
of thermocouples were as follows:

(1) Ambient temperature T, 2 stagnation thermocouples, 1 at
center of each duct inlet

(2) Compressor-inlet temperature Tl, 12 unshielded thermo-

couples, 4 equally spaced around front compressor inlet, 8 equally
spaced around rear compresecr inlet
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(3) Exhaust-gas indicated temperature T, 6 NACA shlelded
thermocouples connected in parallel, for which poeitions are shown
in figure 3 : L

Pressures were measured on multitube mancmeter panels. Simml-
taneous readlngs were obtained by photographing the entire panel.
Temperatures wers indicated by self-balancling potentlometers. Iron-
conatantan thermocouples were used for air-temperature measurements
and chromel-alumel thermocouples for combuetion-gas temperature
meagurementy,

Procedure. - The englne performance was detsrmined over a range
of engine speeds from 8000 to 16,500 rpm for the following tail-plpe
and Intake-duct configurations:

Configuration : Intake Tall pipe
and nozzle
A ¥FR-1 duct, boundary-layer slot closed XFR-1
B XFR-1 duct, boundary-layer alot open IFR-1
c XFR~1 duct, boundary-layer removal by IFR-1
suction
D XFR-1 duct, boundary-layer removal by P-594A
suctlion .
E ' No intake duct nor shroud P-594
F No Iintake duct nor shroud IFR-1

Configurations A and B were Iinvestigated with the setup
11llustrated in figure 4. With configuration B, alr flowed into
the Intake duct through the boundary-layer slot and therefore removal
of the boundary layer was prevented. Approximately 2 percent of the
mass elr flow through the intske duct (computed from volumetric
displacement of exhauster) was removed through the boundary-layer
slot at all engine speeds wlth conflguratlons C and D.

SYMBOLS

The following symbols are used in this report: (For symbols
used in appendixes A +to D, see appendix A)
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F thrust, glb)

f specific fuel comsumption, {(1b)/(hr)(1b thrust)

N rotor speed, {(rpm)

P total pressure, (1b)/(sq in. absoluts)

T .total (or indicated) temperature, (°R)

Wy air flow, (1b)/(sec)

Wp fuel flow, (1b)/(br) " ,

S ratio of amblent-alr pressure to NACA standard sea- ~level pres-
sure (14.7 1b/sq in. absolute)

e ratio of ambient-air temperature to HACA standard sea-level
temperature (519° R)

Subscripts: .

0 ambient (cell)

1 compresgor inlets

7 tall pipe

8 Jet

A intake duct, sectlon A

B intake duct, sectlon B

Cc shroud, secéiqn c

c corrected to standard Inlet conditions and adjusted {to common
exhaust-gas indlcated temperature

17 celculated from inlet total-pressure losses (theoretical data)

based on common exhaust-gas temperature

METHODS OF CAICULATION

Correction to standard sea-level condltions. - All the per-

formance data were corrected to standard stmospheric conditions

e
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(14.7 1b/sq in. absolute and 519° R). For the engine equipped with
‘the XFR-1 intake duct and shroud, the ambient conditions were
meagured at the duct inlets., For the englne wlthout the duct and
the shroud, the ambient pressure was messured at the compressor
inlets. Measurement of the ambient temperature at the compressor
inlets, however, would not have pemalized the engine for hestlng
the inlet air by heat transfer from the compressor casing. Moreover,
the ambient-alr temperature had to be measured Iindirectly because of
large temperature varlations within the cell.. Therefore, on the
agsumptlion that the temperature rilse between the cell and the
compressor inlet is the same whether or not the duct and the shroud
are 1nstalled, the ambient-alr temperature was taken as the meagured
campressor-inlet temperature T minus the temperature rise in the
intake duct that occurred when the duct was inatalled (fig. 7).

The followlng corrected performance varigbles are used:
F/3 corrected thrust, (1b)
f/Nﬁ; corrected specific fuel consumption, (lb)/(hr)(ib thruat)
H/Nﬁ; corrected rotor gpeed, (rpm)
P/ corrected total pressure, (1b)/(sg in. absolute)
T/6 corrected indicated temperature, (°R)
Waﬂfayﬁ corrected air flow, (1b)}/(sec)
We/3N@ corrected fuel flow, (1b)/(ar)

Adjustment of data to common exhaust-gas tempersgture reguired
becausgs of lntake-duct presgure lces. - For an engine equipped with
8 fixzed-slze axhaust nozzle and operating at a glven rotor speed,
pressure lose in the intake duct and tail plipe causes an increase
in exhaust-ges temperature. On the other hand, for an engline
operating at a glven rotor gpeed, an increase 1ln exhaust-nozzle glze
cauges a8 reduction in sxhaust-gas temperature. Because the exhaust-
gas temperature 1s a limiting factor in engime operatlon, an engine
operating with intake-duct and tail-plpe pressure losses required
an increased exhaust-nozzle slze to prevent exceedlng the meximum
allowable exhaust-gas temperature at rated rotor speed. -

It is therefore important when the réesults of this investiga-
tion are compared that they all be based on common  exhaust-ges
temperatures. The common exhaust-gas temperatures selected for this
investigation were. taken wlth configuration E (no intake duct nor
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shroud, P-59A tail pipe). Adjusiinemt of the performance data to

these temperatures consists in finding the increased nozzle glzes
requlred to obtaln the deslred common temperatures and then evaluating
the changes in performance variables resulting from these changes in
nozzle size.

Curves of performance varlables agalnst exhaust-nozzle dlameter
for various intake-duct losses, tall-pipe losses, and rotor speeds
should be used to adjust the date to common exhaust-ges temperstures.
Because such curves wsre unavailsble and thelr determination was
beyond the scops of the Investigation, curves of performance variables
agalnst exhavst-nczzle diameter plotted from the data of reference 1
were used. Use of the curves obtalned from reference 1 lmposes the
assunption that curves of performasnce with varilous intake-duct and
tail-pipe pressures losses are parellel to curves of psrformance with
no pressure loss. '

Curves of exhaust-gas temperature against exhaust-nozzle dismeter
for various rotor speeds (from reference 1) would provide a simpls
basis for evaluating the necessary changes In exhaust-nozzle diameter.

is method proved to be somewhat inaccurate, however, and better
correlation of the data was obtalned by calculating, from
equation (62) in appendix D, +the exhaust-nozzle dlameters required
to malntain common exhaust-gas tempsratures for all test configura-
tlons. The performance variables were adjusted by means of the
curves of performance variables against exhausit-nozzle diameter
(reference 1) once the adjusted exhaust-nozzle diameter was calculated.

Calculation of thrust from intake-duct pressure loss and beslc
engine performance. - The analysls in appendlx C develops an equa-
tilon to evaluate the adjusted thrust from intake-duct pressure loss
and basic engline performance. Valuesg of thrust calculated by means
of equation (51) (appendix C) checked very closely the adjusted
thrust determined by the method of data adjustment previocusly
described. Because of the close agreement of adjusted sxperimsntal
thrust end calculated thrust as shown in table I for conflgurations
A and B, calculated values of thrust for configurations C and D
(in which interference imposed by the boundary-layer-removal equlp-
ment caused inaccurate thrust measurements) were considered reliable
for these configurations and are also Included 1n table I.

Ad justment of data to common exhaust-gas temperature reguired
because of tall-pipe pressure logs. - Inasmuch as tail-plpe-pressure-
loss data were inadequate, no analysls was developed to assist in
adjustment of the data regquired because of exhaugt-gas-tempsrature
differences caused by teil-plpe losses. Hencs, adjustment of the
data was based on the curve of exhaust-gae temperature against
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exhaust-nozzle dlameter (reference 1). Negligible error results
from this procedure because of the relatively small temperature
differences resulting from tail-pipe losses.

RESULTS AND DISCUSSION
Intake-Duct Pressure Laoss

Iosses ln total pressure from the lntake-duct Inlet to each of
the instrumented sections of the duct (section B, section C, and
gtation 1, fig, 6) are shown as percentage of ambient pressure in
figure 8. Camparison of figures 8(a) and 8(b) indicates that opening
the boundary-layer slot slightly reduces the total-pressure loss to
section B but appreciably increases the losses to section € and
station 1 (compressor inlets). These effecta were probably caused
by flow of air into the duct through the boundary slot. Comparison
of figures 8(c) and 8(d) with 8(a) shows & slight increase in the
losses to section B, wsection (, eand station 1 for the boundary-
layer-removal configurations C and D over those for the closed-
bourdary-layer-slot configuration A. Boundary-layer removal up &0
2 percent of the alr flow was ineffective in reducing the duct pres-
sure loss,. : :

Englne Performance

Performance data corrected to standard inlet conditions but
unad Justed to common exhaust-gas temperatures are presented in
figures 9 to 12, in which thrust, fuel flow, alr flow, and exhaust-
gas Indlcated temperature are shown as funcilona of corrected rotor
gspeed. Deta for configurations A, B, and F (fig. 9), configura-
tions C eand F (fig. 10), and configurations D &and E (fig. 11),
are compared. Because of the previously mentioned interference with
thrust messurement imposed by the equipment used to remove the
boundary layer, the thrust data for configuraticns C and D were
inaccurate; hence, thrust curves for these configurations have been
omitted. The thrust data from configurations E and F are
presented in figure 12. The performance curves as shown provide a
poor comparison of the configurations used because of variatlons in
exheust-gas temperatures (figs. 9(d), 10(c), and 11(c)).

The exhaust-gas temperatures of configuration E (fig. 1i(ec)),

to which 2ll the performance data are adjusted, are replotted in
Tigure 13 wlth an oxpanded speed ascale.

CONFIDENTTAL
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The adjusted, corrected ps¥formence data are presented in fig-
ures 14 to 168. Thrust curves calculated by the method described
previously are shown in figures 15(a)} and 16(a) for configurations
C and D, respectively. Specific-fuel-consumption data (figs. 15(d)
and ls(d)) were determined usirg these calculatei values of thrust
(figs. 15(a) and 16(a)).

The effect of the XFR-1 intake duct and shroud on the senglne
performance may be observed by comparing the performance variables
of configurations A and B wiih those of conflguration F 1I1n fig-
ure 14, the variables of configuration C with those of configura-
tion F in figure 15, and the variables of configuration D wilth
those of configuration E in figurs 16. In general, because of
attendant pressure loss, the effect of the intake duct is to decrease
the statlc thrust, the fuel flow, and the air flow and to increase.
the epecific fuel consumption.

As shown in the flgures and summarized in table II, the losses
in thrust with the four duct configurations wexre all about the same
{(from 80 to 90 1b at 16,500 rpm) and varied in a manner consistent
with the variation in intake-duct total-pressure losgs (2.64¢ to 3.36
percent of the duct-inlet pressure Po) The largest loss in thrust
occurred with the open-boundary-layer-slot configuration B. The
losges in thrust (calculeted) that occurred with boundary-layer-
removal conflgurations C and D were 86 and 85 pounds for intake-
duct total pressure losses of 2.70 and 2.65 percent of the duct-lnlet
Pressure, regpectively.

Thrust losses ceused by the XFR-1 tail plpe as compared to the
P-59A tall plpe may be observed by comparing the.thrust for config-
uration E (P-584 tall pipe, fig. 16(a)) with the thrust for config-
uration F (XFR-1 tail pipe, fig. l4(a) or 15ia)) and aere summarized
in table III. The englne thrust was slighitly greater with the P-59A
tail pipe than with the XFR-1 tall pipe over the full range of robtor
speeds with & maximum dilfference of 24 pounds at a rotor speed of
15,000 rpm and a difference of 13 pounds at maximum rotor speed
(16 500 rpm).

SUMMARY OF RESULTS
An investlgation of the performance of an I-16 turbojet englne
equlpped with the XFR-1 intake duct, shroud, and tall plpe showed the
followlng results:

1. The maximum total-pressure loss in the Intake duct and shroud
of 3.36 percent of the ambient cell pressure occurred with the
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boundary-layer slot open &t a rotor speed of 16,500 rpm, The
attendant loss in thrust was 90 pounds. The Ilntakeeduct total-
pressure losges for the other three duct configuratlons were betwesn
2.64 and 2.70 percent of the amblent cell pressure with accampanying
thrust lossea of 8C to 86 pounds at the ssme engine rotor speed.

2. The maximum thrust loss caused by the XFR-1 tall pipe as
compared to the P-58A tall plpe, was 24 pounds at an englne rotor
speed of 15,000 rpm. The thrust loss at maximum englne rotor speed
(16,500 rpms cauged by the XFR~-1 tail pipe was 13 pounds.

Fiight Propulsion Research Laboratory,
Natlonal Advisory Commlittee for Aeronautics,
Cleveland, Ohilo.
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Mechanical Engineer.
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William G. Anderson,
Mschanical Englneer.

Approved :
Bugene J. Manganiello,
Mechanical Engineer.
BenJjamin Pinkel,
Physicist.
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APPERDIX A
SYMBOLS

In addition to the symbole defined in the text, the followlng

gyobols and necesaary values are used in the analysea:

A
Cq

Cy

¢ W o

<

area, sq 1in.
exhaust-nozzle-area coeffliclent

exhaugt-nozzle~veloclty cosefficient, ratlo of actual Jet
veloclty to 1ideal Jet velocity

specific heat of exhaust gas at constant pressure, Btu/(1b)(°F)
exhaust-nozzle diameter, in.

fuel-air ratio

acceleration of gravity, 32.2 £t /sec?
compresscor horsepower

turbine horsepower

mechanical equivalent of heat, 778 Ft-1b/Btu
static pressure, 1b/eq in. absolute

gas constant, ft-1b/(1b)(°F)

static temperature, °r

velocity, ft/sec

ges flow, lb/sec

burner pressure drop, lb/sq in.

compressor efficlency

turbine efficliency

ratio of specific heats of exhaust ges
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Subscripts:
2 compressor outlet
5 turbine inlet

The statlions referred to by numerical subscripts are shown in
figure 6. ; '
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APPENDIX B
FUNDAMENTAL ANALYSIS OF TEMPERATURE, PRESSURE, AND
VELOCTTY RELATIONS

The relatlons between temperature, pressure, and veloclty that
are required to develop the anslysis of appenifizes C and D are
established In appendlx B. In appendix C, an equation for calcu-
leting the engine thrust from intake-duct pressure-loss data and
baslc englne-performance data ls derived. This analysis is extendsd
in appendiz D +to develop an eguation for calculating the exhaust-
nozzle size required to malntain constant exhaust-gas temperature

for various intake-duct pressure losses at a glven engine speed.

The performance of a turbojet engine ls determined by rotor
speed N, canpressor-inlet total temperature T3, and eny other
given condltion. TFor a glven rotor speed N, compressor-inlet
temperaturse T;, and exhaust-gas temperature T7 (obtalned by
variation of exhaust-nozzle area), all pressure ratios acroes the
various components and all velocltles and temperatures in the system
(from compressor inlet to exhaust-nozzle inlet) are maintained
constant.

Proof of the preceding statement follows:
N = conetant (1)

If the exhaust nozzle is adJusted,

Tg = constant (2)
For a given Vg and T,
T4 = constant (3)
From eguation (1)
bp, /W, = constant (&)
From equation (4) |
Ty, - T, = constant (5}
From equations (5) and (3)
Ty = constant - (6)

S
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From equations (2) and (6), 1f a constant combustion efficiency is
asgumed ,

f/a = constant _ _ (7)

Because turbine power is equal to caompressor power, from equa-
tion (4)

hpy /W, = constant (8}
Now
bpy, /Wy
T5 - 170 T (/A ()

go from equations(7), (8), and (9)
Ts - T7 = constant (10)
From equations (2) and (10)
T, = constant (11)

If sonic flow through the turbine-noczzle throat 1s assumed,

1 Ps“s
¥a = T e A28 7T (o (22)

or
Wy @ Pg o ' (13)
Now
. APy
P5=P2"APb =P2 -'52— <l4:)
However
APb/PZ = ¢1(V2, Tz, Ts) =‘¢2(vz) (15)

From equations (13), (14), and (15)

Wo @ Py $2(V5) (1e)

enanps -
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From the equation of state at station 2 end the relation between
static and total conditions,

1
2 \? -1
o _r:aﬁe_‘ia(l _ _zg__)
& = TRT, 2gJcy Ty
= Pp $4(V2) (17)

Because, in general, ¢z and ¢, in equations (16)and (17) are
not the same function

Vp = constant : : (18)
From equation (17)
W, /Py = constant (19)
From equation (15)
4P, /P, = constant - (20)
From the equation of state
1
2 - 1
w ook (0 N )
a = TRT, 2gIopT)
or
W, @ Py dc(Vy) (21)
From squation (19)
T2
Now _
Po
Po/P = &g W, Ty, Mg (23)
and
Mo =¢7(V1: Tl’ N) (24’)
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If equations (23) and‘(ag).gre.combinsd

Po/Py =g(V,) . (25)

and if equations (25) and (22) are combined

) Wg ® Py ¢g(Vy) (26)

Because, in general, $5 and ¢g in equations (21) and (26),
respectively, are not the same function

V, = constant (27)

Wh/?l = constant (28)

In a silmilar manner it can be shown that

constant l (29)

VS =
Ny = constant (30}
P5/P7 = congtant - (31)
and also that
V, = constant : (32)

From these equations therefore

tl, tz, ts, 'b7, Tl, Tz, Ts, T7 = constants (33)
Vi, Vo, Vg, V7 = constants (34)

P P P P
2 -5 -85 -7 . constants (35}

P’ By’ Py By
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APPENDTIX C
DERTVATTON OF EQUATION FOR CALCULATING ENGINE THRUST
FROM INTAKE-DUCT FRESSURE-LOSS DATA AND
BASIC ENGINE-PERFORMANCE DATA

An equation for celculating the engine thrust from lntake-duct
pressure~loss data and basic engine-performance data is derived in
the following analysis. The subscript n in this appendix and
appendix D refers to the condltion in which there are no inlet
losses. In genersl, symbols lacking this subscript apply to the
condition in which inlet losses exist. Symbola of quantities that
do not vary with inteke-duct pressure losses also lack thils subscript.

The actual Jjet velocity with no Inlet losses is

-1
Bg 7
P

12'8.,11';-0v | 2gde Ty |1 - (37)

7,n

The jet velocity with inlet losses (using equation (11}) is

7y - 1
Pg 7
Ys = Cy /|| 28fcyTy [1 - -P—; (38)
The net thrust without inlet losses is
W W
=220y . __ 808y (39)

Fo g 8,n g O

From equations (37} and (39)

2
W
(xfﬁh S v0> .!
( ) - g;n g}n_ J (40)
From equation (35)

.z _ _ (41)



18

and because

or
B3
P?,n

When equation (43) is substitited

NACA RM No.

Pg Py
Pq7 Py

in equation (40)

2
¥y - 1 y (:835_ + Wé!n V:)
(Eé 7 _(119) 7 |, _\en Ygn O
P AP 2
7 1
Cy ZchpT7
With inlet losses
W W
Fo=-fvy -2y
t =g '8~ g Y0
From equations (38) and (45)
r-1
gfy Wy A rg\ 7
Vo = —— + =2 Vo = O /\| 2gFem [1 - (=
8 0 v & 7 (
Vg  ¥g L B T
From equations (44) and (46)
2
Fn , ¥a v)] r=-1
F W W 0/ 120\ 7
& 5= = Oy/| 2aTcgry <1 - |1 - B2 __8oD (7 -
g Cy Zch§T7 J

E7G24

(42)

(43)

(44)

(45)

(48)
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+ 1 ]_) 2 8% a,n a
g o === ﬁ... - 1jC_“2gJc T +( +-—-=—vo) - = (48)
¥e (Po <?o v BT T\ Wn T Vgn Wy O
Because, from equation (26),
ww - ;_l- = ;ﬁ_ : (49)
g,n 0 a,n -
then
‘ - 1+l <1 2 :
; _ W Py ay ﬁl 7 i W W
F, - 228 .1 L - 2 —n .. &0 R 1%}
By = (Po) G 1{C, 2gTegTy + en + s o P 8 7y (50)

If Py =Py - {Pp - Py) 1s substituted for Vp = O ) (zero ram)

1+ r-1
2y 2 y .
Pn~P W Py - By
afy -0 1 g,n 2 20”71 - 2
" ( Fo ) (8) e (l Po ) MR 6D
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APPENDIX D
DERIVATION OF EQUATION FOR CALCULATING EXHAUST-NOZZLE SIZES
REQUIRED TO MATNTAIN CCHSTANT EXHAUST-GAS TEMPERATURE
¥OR VARTOUS INI'AXE-~-INCT PRESSURE LOSSES
An equation for celculating the exhaust-nozzle sizes regulred
to malntain constant exhaust-gas temperature for varilous intake-duct

preggure losses is developed.

From the egquation of state at the exhaust-nozzle throat (jet)
for the engine operating with no inlet losses.

_Yen® %n

- (52)
Ps Vg,n

Ca,n AB,n

With 1Inlet losses

(53)

If the exhaftst-nozzle-area coefflclent is assumed to remain the same

(that 1s, Ca,n = Cg), then
Ag - Vg b3 vé,n (54)
f48,n VWg,n t8,11 Vg
Now (from equation (28))
W P
w&=$ (55)
£,0 Fo
And from the general energy equation and egquationas (33), (37),
and (38) [ y -1
2 ’ 4
Ve 2 Pg
tg T, (1 - _—_25JcpT7>_ - -5
tg,n 8,n° i 2 =1 (s6)
T Y- g pg \ 7
27/ 1 -0.% {1 -G )
i 7,0
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From equations (37) and (38)

oo [

Vg y -1 l ' (57)

()

Substituting equations (55), (56), amd (57) in equation (54) gives

T

r N - -1

7 =112

2 Pg '} 7
1-¢C 1-() 1-(—)
Ag =(§:< v. ?Ln
Py :
. N P 7
1-cv21-(P—§— ( )
L 7,0

oo

From equations (40) and (44)

4

(58)

2oy (S ten )
- (F?;I i EZsJo 7 (—>
Z=L - Yon ¥ (59)
O M N i )

2
ZchPT7

Substituting equations (40), (44}, and (59), in (58) gives



2
8 W p
oot Yo
1 - NED D
- . L, Cy“2glcyTy
r-1/ &, 8,0 €1- G f1-
P\ 7 A\t Yo r-1
(_l) . \ag;n . g,n (Pl) 7
P —=
ot _(Pr)| _\° Ml . o/,
Dnz Aﬂ,n Po o 2
) &8 a,n 8y a,n
7 W T, 0 V, Wyg O
oS -1 4 81 g, / 1 -0 &, &,0
P v
A Q Cy egd oPT7 Cy ZchpT—,

(60)

when Cv? in the numerator end the dencminator of the lagt term of equation (SC) is equal
to unity, negligible error 1ls introduced and egnatiom (60) is simplified to

1

—

2

(61)
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Pg - P
I Pl/PO is expressed as 1 - —-0?(—)—3'- Por the case of zero
zxl < eF,
7 ——
( - Py - Pl) Ya,n
Fo Nc_2zgTe T
DaD y “80p77 (82)

&F r;)z z-1 z
W P - P 4
——-—&L——.—— + (l - _0_—].‘.> - 1

2
Cy-2gTegTy
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TABLE T -~ ADJUSTED EXPERIMENTAL THRUST AND THRUST CALCULATED FROM INTAKE-DUCT TOTAL-

PRESSURE LO3SES FOR I-16 ENGINE WITH XFR-1 INTAKE DUCT AND SHROUD

Configuration A:

Boun=-

Conflguration B: Boun~

Configuration C:

Configuration D:

dary-layer alot cloaed, dary-layer slot open, Boundery-layer |Boundary=-layer
XFR~) tail pipe XFR-1 tail pipe removal, XFR-1 |removal, P-59A
tall pipe tall pipe
; (1) (1)
Cor~ Exhsuat=|Duet Calcu-{AdJusted] Duct Calou-| Ad justed|Duct Galeu=-|Duct Calecu-
reacted [gas total- lated |ptatlc |total- lated |statie |total- lated |total- lated
rotor |indi- pressure |static|test preasure | static|test pressure | static|pressure | statlc
speed cated loss thrust]thrust loas thrust| thruat losea thrust|loas thrust
N/JU |tempar- [Py - Py F¢ Fo Po- P F¢ Fo Pop - Py Pt Pg -~ Py F
ature |—p— t
{rpm) T 0 (1b) (1b) (1b) | -(1b) {1b) 0 (1b)
(°;$c (percent) (percent) (percent) (psreent )
12,000 1598 1.12 533 533 1.28 527 530 1.10 533 1,10 6541
13,000 1414 1.37 649 652 l.68 641 640 1,36 649 1.36 853
14,000 1445 1,66 794 798 2.04 791 793 1.66 794 1.65 806
15,000 15082 2.01 Q75 980 2.51 069 a78 2.02 274 1.99 2999
16,000 1564 2,42 1237 1243 3.07 1228 1230 2.44 | 1236 2.41 1246
16,500 1630 2,64 1382 1387 3.36 1372 1377 2,70 1381 2.65 1395

IThrust measurements inaccurate because of interference of poundary-layer-removal equipment with
thrust~measuring device.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

2
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TABLE IT - THRUST LOSSES CAUSED BY INTAKE-DUCT TOTAL~PRESSURE LOSSES

Conflguration A:  Boundary-layer
slot closed, XFR-1 tall pipe

Configuration B:
glot open, XFR-1 tall pipe

Boundary-layer

Corrected| Ad justed |AdJjusted |Adjusted |Thrust|Dusct Ad Jjusted Aﬂjuéted Thruat| Duct
rotor exhaugt~ |static gtatic loss |total- atatic ptetic loes |total-
speed , gae indlc~| thrust, [thrust, AP |pressure |thrust, |[thrust, AF | pressure
Nﬁv7; ated conflg- |conflg- (1b) loss config~- {oonflg- (1b) {loas
tempera- |uration Aluratlon F Po - Pq |uretlon Bluration F| - - {Py -~ Py-
(rmm) 1 iore F F —— F F g
“E c ¢ Py o e Po
1, (1b) (1b) (percent)| (1P) (1p) {percent)
(°B)
12,000 1398 533 558 25 1,12 530 558 28 1.36
13,000 1414 852 682 30 1.37 640 682 42 1.68
14,000 1445 798 837 39 1.68 793 837 44 2.04
15,000 1502 240 1030 50 2,01 278 1030 52 2.51
16,000 1584 1243 1310 87 2.42 1230 1310 80 3.07
16,500 1630 1387 1467 80 2.64 1377 1467 90 - 3.36

" National Advisory Committee
for Aeronautlca
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TABLE II - THRUST LOSSES CAUSED BY INTAKE~DUCT TOTAL-PRESSURE LOSSES - Concluded

Configuration C:
removal, XFR-1 tail pipe

Boundary-layer

Confliguration D:
removal, P-59A tail pipe

Boundary-layer

Corrected |AdJusted |[Calcu- Ad justed |Thrust|Duct Calcu~ Adjusted !'Thrust)Duct
rotor exhaust- |[lated static logs |total- lated gtatlc loss |total-
speed , gas indic-|static thrust, AF |pressure | thrust, |thrust, AF |pressure
N/N 6 ated thruet, |[config- |.(1b) |loss config~ |[config=- (1b) {loas
(rpm) |tempera- |config- [uration F 5 Py - Py |uration D{uration E Py - Py
ture uration C Fo . ‘”fa"—‘ Fy F. *”ﬁa“"
T7,¢ Fy (1b) (1b) (1p)
’ (percent) (percent)
(°R) (1b)
12,000 1398 533 558 25 1.10 541 566 25 1.10
13,000 1414 649 682 33 1.36 653 686 33 1.36
14,000 1445 794 837 43 1.66 _ 804 848 42 "1.65
15,000 1502 974 1030 56 2.02 999 1054 55 1.99
~16,000 | 1584 1236 1310 74 2.44 1246 1319 73 2.41
16,500 1630 1381 1467 88 | 2,70 1395 1480 85 | 2.65

National Advlisory Committee
for Aeronautlca

92
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i

TABLE TIT - THRUST LOSSES CAUSED BY XFR-1 TATL

PIPE AS COMPARED WITH P-59A TATL PIPE

.

Corrected| Ad Justed Adjusted {Adjusted [Thrust
rotor exhaust-gas|static static ' |loss
speed, - indicated |thrust, thrust, AF
N/ N6 temperature|{config- |config- (1p)
" (rpm) T7,c uration E,jurstion F,
(°R) P-594A tall}|XFR-1 bail
pipe pipe
Fc Fc
(1b) . {1b)
12,000 1398 566 558 8
13,000 1414 686 : 6828 4
14,000 1445 848 837 11
15,000 1502 1054 1030. 24
16,000 1584 1319 1310 9
16,500 1630 1480 | .1467 13

Rational Advisory Committee

-for. Aeronautics

a7
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Figure 1. -~ XFR-1 intake duct and shroud
(a) Top viev.
(b) Side view,

Figure 2. ~ General arrangement of equipment used for boundary-layer
removal.,

Figure 3. - Configurations and inatrumentation of XFR-1 and P-5SA
tall pipes used In sea-level investigatlion at zero ram of I-16
turbojet englne with ¥FR-1 intake duct and shroud.

(a) Tall pipes.
(») Arrangement of thsrmocouples at statien 7; thermocouplea
commected 1n parallel.

Filgure 4. - General arrangement of equipment for sea-level investi-
gation at zero ram of I-16 turbojet emgine with XFR-1 intake duct,
shroud, and tall pipe.

Figure 5. - Front view of setup for sea-level investigation at zero
ram of I-16 turbojet engine with XFR-1 intake duct, shroud, and
tall pipe.

Figure 6. - Imstrumentation of sections of XFR-1 1ﬁtake duct and
shroud and statlions of I-16 turbojet engine,.

Figure 7. - Tenmperature rise across XFR-l duct for configurations A
and B used to estimate comparative inlet temperaturss for config~
urations without duct (E and F). :

Figure 8. - Loss in total pressure between inlets of XFR-1 inteke
duct and various astations of intake duct.
(a) Configuration A, boundary-layer slot closed; XFR-~1 tail pilpe.
(b) Configuration B, boundary~-layer slot open; XFR-1 tail pipe.
(c) Configuration C, boundary-layer removal; XFR-1 tall pipe,
(a) Configuration D boundery-layer removal; P-59A tall pilpe.

Figure 9. - Comparison of I-16 turbojet engine performance with
XFR-1 inteke duct in two positlions and without intake duct and
shroud, XFR-1 tall plpe and nozzle,

(a) Thrust.

{(b) Fuel flow.

(c) Alr flow. '

(d) Exhaust-gas indicated temperature.
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Figure 10. - Comparison of I-16 turbojet engine performance wlth
removal of boundary layer from XFR-1 intake duct and with Intake
duct and shroud removed. ZXFR-1 tall plpe and nozzls.

(a) Fuel Fflow.
(b) Alr flow.
(c) Exhaust-gas indicated temperature.

Figure 11. - Comparison of I-16 turbojet englne performance wlth
removal of boundary layer from XFR-1 intake duct and with intake
duct and shroud removed, P-59A tell pipe and nozzle.

(a) Fusl flow.
(b) Air flow.

(c) Exhaust-gas indicated temperature.

Figure 12. - Comparison of thrust of I-16 turbojet englne equipped

with P-59A tail pipe and nozzle and with the XFR-1 tall pipe and
nozzle. No intake duct nor shroud.

Flgure 13. - Exheust~gas lndicated tempersture for configuration E
to which data from other confliguratlions were adjusted. P-59A tall

pipe and nozzle; no inteke duct rior shroud. (Replotted Ffrom
Pig. 1i(c).)

Figure 14. - Comparlison of adjusted I-16 turbojet engine performance
with XFR-1 1ntake duct 1n two positions and with intake duct and
shroud removed. XFR-1 tall pipe and nozzle. Data adjusted to
exhaust-gas indlcated temperature of configuration E.

(a) Thrust.

(b) Fuel flow.

(e) Alr flow.

(&) Specific fuel consumption.

Flgure 15. - Comperlison of adjusted I-16 turbojet englne performance
with removal of boundary layer from XFR-1 intake duct and with
intake duct and shroud removed. XFR-1 tall pipe and nozzle. Data

ad Justed to exhaust-gas 1lndlcated temperature of configuration E.
(a) Thrust.

(b) Fuel flow.
(c) Air flow.
(d) Specific fuel consumption.

Figure 16. - Comparison of adjusted I-18 turbojet englne performance
with removal of boundary layer from XFR-1 inbtake duct and with
inteke duct and shroud removed. P-59A tail plpe and nozzle. Data

ad justed to exhaust-gas Indicated temperature of configuretion E.
(a) Thrust.

(b) Fuel flow.
(c) Atr flow.

(d) Specific fuel consumption.
S
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Figure 2. — General arrangement of equipment used for boundary-layer re-
moval.
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{b) Arrangement aof thermocouples al statijon 7; thermocouples connected in parallel,

Figure 3. - Configurations and instrumentation of XFR-! and P-B9A tail pipes used in sea-level Inves-

tigation at zero ram of I-16 turbojet engine with XFR-| intake duct and shroud.
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NACA RM No. E7G24 G Fig. 7
NAT IONAL ADVISORY
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Configuration
O A, boundary-leyer slot closed
+ B, boundary-layer slot open
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Figure 9. - Continued. Comparison of I-16 turbojet engine performance
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O A, boundary-layer slot closed
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Figure 9. - Continued. Comparison of I-16 turbojet engine performance

with XFR-1 intake duct in two positions and without intake duct and

shroud. XFR-1!| tail pipe and nozzle.
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M F, no intake duct nor shroud
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Figure 9. - Concluded. Comparison of I-!6 turbojet engine performance
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. Figure 10, - Comparison of I-16 turbojet engine performance with removal
of boundary layer from XFR-1 intake duct and with intake duct and

shroud removed. XFR-1| tail pipe and nozzle.
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Figure 10. - Continued. Comparison of I-16 turbojet engine performance
with removal of boundary tayer from XFR-1 intake duct and with intake

duct and shroud removed. XFR-! tail pipe and nozzle.
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Figure !I, - Comparison of I-16 turbojet engine performance with removal

of boundary layer from XFR-I

shroud removed. P-59A tail pipe and nozzle.
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Figure 11, - Continued.: Comparison of 1-16 turbojet engine performance
with removal of boundary layer from XFR-1l intake duct and with intake

duct and shroud removed. P-59A taill pipe and nozzle.
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No intake duct nor shroud.



NACA RM No. E7G24 R Fig. 13

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

. e
5
2 1700
o
)
Q
- o,
£
QO
bt /
T 1600
s /
o /
S
1o v
o
wl
2 1500 /
gat\ /
- e
2
o
¢ 1400 =
L=}
Q
3
Q
1}
£
S 1300
12 13 lea - 15 16 17 x 109

Corrected rotor speed, N/ 1O, rpm
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Figure 14, - Comparison of adjusted I-16 turbojet engine performance

with XFR-1 intake duct in two positions and with intake duct and
shroud removed. XFR-1 tail pipe and nozzle. Data adjusted to ex-
haust-gas indicated temperature of configuration E.
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. Figure l4. - Continued. Comparison of adjusted I-I6 turbojet engine
performance with XFR-I jntake duct in two positions and with intake
duct and shroud removed. XFR-! tail pipe and nozzle. Data adjusted

. to exhaust-gas indicated temperature of configuration E.
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Figure 14, - Continued. Comparison of adjusted I-!6 turbojet engine

performance with XFR-1 intake duct in two positions and with intake
duct and shroud removed. XFR-1 tail pipe and nozzle. Data adjusted
. to exhaust-gas indicated temperature of configuration E
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Figure 14. - Concluded. Comparison of adjusted I-1i6 turbojet engine
performance with XFR-1 intake duct in two positions and with intake
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Figure 5. - Comparison of adjusted I~ 16 turbojet engine performance
Py with removal of boundary fayer from XFR-1 intake duct and with intake
duct and shroud removed. XFR-1 tail pipe and nozzle. Data adjusted
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Figure 15. - Continued. Comparison of adjusted I-16 turbojet engine
performance with removal of boundary layer from XFR-1 intake duct and
& with intake duct and shroud removed. XFR-1 tail pipe and nozzle.

Data adjusted to exhaust-gas indicated temperature of configuration E.
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Figure 15. - Continued. Comparison of adjusted I-16 turbojet engine
performance with removal! of boundary layer from XFR-1! intake duct and
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Data adjusted to exhaust-gas indicated temperature of configuration E.
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Figure 15, - Concluded. Comparison of adjusted I-16 turbojet engine
- performance with removal of boundary layer from XFR-1 intake duct and
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Figure '6. - Continued. Comparison of adjusted I-!6 turbojet engine
< performance with removal of boundary iayer from XFR-1 intake duct and
with intake duct and shroud remaved. P-59A tail pipe and nozzle.
Data adjusted to exhaust-gas indicated temperature of configuration E.
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Figure 6. — Concluded. Comparison of adjusted I-16 turbojet engine.
performance with removal of boundary layer from XFR-| intake duct and

with intake duct and shroud removed. P-5%A tail pipe and nozzle.
Data adjusted to exhaust-gas indicated temperature of configuration E.
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